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Catherine A Richards 
 Hospital financial stress is a common problem. From 1995-2010 15-30% of hospitals every year 
were classified as financially distressed based on a negative total profit margin. However, very few 
studies to date have assessed the impact of hospital financial distress on quality of care indicators or 
patient outcomes. A comprehensive and systematic literature review was conducted to assess the state 
of the science on hospital financial distress and quality of care or patient outcomes. A total of three peer-
reviewed articles were found that used a measure of hospital financial distress as an exposure with a 
quality of care indicator or health-related factor as an outcome. However, despite the limited research on 
this topic, the evidence suggested there was an important relationship between hospital financial distress 
and patient outcomes.  
 What became clear after the systematic literature review was that not only had very few studies 
ever assessed the relationship between hospital financial distress and patient outcomes, but there was 
also limited evidence on the validity of various measures of hospital financial distress. An analysis 
conducted as part of this dissertation assessed the validity of profit margin, as well as two composite 
measures, the Financial Strength Index and the modified z-index, to see how well they predicted hospital 
closure. Overall, despite the added complexity of the Financial Strength Index and the modified z-index 
compared to profit margin, all three measures performed similarly with respect to predicting hospital 
closure.  
 Finally, profit margin, as a measure of hospital financial distress was used to predict the receipt of 
immediate breast reconstruction. Women undergoing mastectomy at hospitals under high levels of 
hospital financial distress were significantly less likely to receive immediate breast reconstruction 
compared to women treated at hospitals under minimal to no financial distress, adjusting for important 
confounders. This means hospital financial distress is an important, although unwarranted, determinant of 
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CHAPTER 1: INTRODUCTION & OVERVIEW OF THE DISSERTATION 
Introduction 
The payment system for acute-care hospitals in the U.S. drastically changed in 1983 when the 
prospective payment system was introduced for inpatient hospital stays for Medicare enrollees in an 
attempt to halt, and hopefully, lower the rising costs of Medicare. The in-patient prospective payment 
system began reimbursing acute-care hospitals for in-patient care based on a prospectively determined 
fixed payment rate for a specific bundle of services for clinically similar patients. Services were bundled 
together into 467 diagnosis-related groups related to the resource intensity that could be expected to be 
used for each clinically similar condition.1 Before the prospective payment system hospitals made a 
tremendous amount of profit by offering and performing as many in-patient and out-patient services as 
they could. After prospective payment, hospitals could no longer profit from offering more in-patient 
services per patient. Instead they had to focus on making as much as they could from each patient with 
as few services as possible.  
After the implementation of the prospective payment system hospital administrators had no 
choice but to become more businesslike in order to remain economically viable.1 Hospital administrators 
began to ask physicians to make decisions while including cost considerations, rather than in a financially 
unconstrained way.1 For example, one of the first notable changes in patient care after the 
implementation of prospective payment was to decrease the average length of stay for Medicare patients 
from 10.5 days in 1980 to 8.0 days in 1987, a reduction of 25%.1 The phrase “quicker and sicker” was 
coined, most likely by physicians, to characterize this trend, as patients were being released after a 
shorter length of stay and were discharged before fully recovering. The reason patients were being 
released with a shorter length of stay was because they were being discharged or transferred to facilities, 
such as rehabilitation facilities or long-term care hospitals, that still operated under the traditional fee for 
service system, a system that translated into higher profits for hospitals than prospective payment.1 The 
evidence has been mixed as to whether reduced length of stays resulted in higher mortality, but 
regardless, administrators made decisions in order to reduce costs without knowing a priori what the 




Another example of hospitals making decisions based on financial concerns and not on what is 
the best decision for the patient is the hospital practice of “patient dumping”.2 Patient dumping is the 
practice of denying care based on a lack of insurance when patients have emergency medical conditions. 
Patient dumping can occur in various forms. Patients can be transferred to public hospitals, encouraged 
to seek care at a public hospital or discharged early. In 1986 a federal law was passed to prevent patient 
dumping. Yet in 2012 some hospitals continue to turn away patients in need of emergency care based on 
financial considerations.3 
Economic theory suggests that the quality and quantity of medical services a hospital produces is 
related to budget constraints.4 Therefore, the types of hospitals most likely to make decisions that may 
negatively impact patient outcomes are those under financial distress. When a hospital is experiencing 
financial distress this may affect the quantity of medical services by forcing them to reduce the services 
they offer, particularly unprofitable ones, or by encouraging physicians to make decisions based on cost, 
such as prioritizing operations that bring in the most revenue. 
Despite the important link between hospital finance and the quantity and the quality of services 
provided, few studies to date have specifically focused on how hospital financial distress might influence 
quality measures or patient outcomes. Most literature linking hospital financial factors to quality have used 
cost.5,6 Costs only capture the financial resources expended by the hospital. Without knowledge of how 
much the hospital is being reimbursed for their expenditures, it is impossible to conclude whether a 
hospital is making or losing money from patient care (i.e. profitability). In other words, costs alone do not 
measure any of the four domains of hospital finance and therefore are not a good measure of hospital 
financial distress. The four domains of hospital finance are profitability, solvency, liquidity and asset 
efficiency.7  
 In parallel with the lack of attention in the literature focusing on the impact that hospital financial 
distress may have on quality or patient outcomes, there has also been a lack of adequate validation of 
measures of hospital financial distress. There are two prominent composite measures of hospital financial 
distress discussed in the literature and trade journals: Altman’s z-index and Cleverely’s Financial Strength 




hospital financial distress. The one hospital financial ratio measure that has been validated as a measure 
of hospital financial distress that has been used in studies assessing the impact of financial distress on 
quality or patient outcomes has been profit margin. However, given that profit margin only measures one 
domain of hospital finance (profitability), it is likely that profit margin would not be as good a measure of 
hospital financial distress as Altman’s z-index or Cleverley’s Financial Strength Index. But Altman’s         
z-index and Cleverley’s Financial Strength Index have never been validated nor has their predictive 
validity been directly compared to profit margin. 
 Hospital financial distress is not a rare occurrence. In fact, the most recent estimate by the 
Medicare Payment Advisory Committee estimated that 25% of hospitals were under high levels of 
financial distress based on profit margin alone from 2005-2009.9  Because a possible link between 
financial distress and patient outcomes is of critical public health importance, the overall goal of this 
dissertation is to systematically review the existing literature on hospital financial distress and patient 
outcomes, assess the validity of the two most widely cited composite measures of hospital financial 
distress and compare their predictive validity to that of profit margin and c) evaluate the impact of hospital 
financial distress on a patient outcome likely to be impacted by hospitals under financial distress: 
immediate breast reconstruction.  
Breast Reconstruction as the case in point 
One aim of this dissertation is to evaluate the extent to which hospital financial pressure affects 
patient outcomes, using immediate breast reconstruction as the case in point. The specific hypothesis is 
that patients who undergo mastectomy at hospitals under high levels of financial distress will be less likely 
to receive immediate breast reconstruction than patients treated at hospitals with low levels of financial 
distress. The mechanism by which financial distress is likely to influence breast reconstructive outcomes 
is through limiting the quality of breast reconstructive services (adherence to guideline based care, 
availability of plastic surgeon, breast reconstructive options available or operating room priorities), as 
shown in Figure 1 below. The quality of breast reconstructive services, as described, is a mediator 
between hospital financial distress and receipt of breast reconstruction. The quality of breast 
reconstructive services will not be measured in the proposed study it is only mentioned to describe the 




Brief overview of immediate breast reconstruction 
The clinical guideline issued by the American Society of Clinical Oncology’s (ASCO) National 
Initiative for Cancer Care Quality (NICCQ) recommends that all women undergoing mastectomy receive 
information on reconstructive options before they undergo mastectomy.10,11 This guideline is based on the 
evidence that breast reconstruction following mastectomy is a procedure shown to be associated with 
long-term benefits such as increased ratings of self-esteem, body image and sexual functioning, as well 
as decreased levels of anxiety and depression.12-14 The guideline for reconstruction is the same for 
women with DCIS and invasive breast cancer; both populations should be informed of their options before 
having a mastectomy. Breast reconstruction following mastectomy can be performed in an immediate 
setting (i.e., during the same operation for mastectomy) or in a delayed setting (i.e. after the healing from 
the initial mastectomy surgery). Immediate breast reconstruction has been shown to be associated with 
lower rates of psychosocial morbidity and better long-term aesthetic results than delayed 
reconstruction.14,15 If breast reconstructive options are not discussed before a woman undergoes 
mastectomy receipt of immediate breast reconstruction is not possible. 





Hospitals make decisions based on economic considerations, and hospitals under financial distress may 
be most likely to make decisions that negatively affect patient outcomes. However, to date very little 
research has been done on this topic. The goals of this dissertation are to 1) validate commonly used 
measures of hospital financial distress and 2) test whether hospital financial distress influences 




Hospital Financial Pressure 
Quality/Quantity of Breast Reconstructive Services 
1) Surgeon informs patient about BR 
2) Availability of plastic surgeon 
3) BR options available 
4) Operating room priorities 






CHAPTER 2: A SYSTEMATIC REVIEW OF THE RELATIONSHIP BETWEEN HOSPITAL FINANCIAL 
DISTRESS, QUALITY MEASURES AND PATIENT OUTCOMES 
 
Background 
After the implementation of the prospective payment system in 1983 hospital administrators had 
no choice but to become more cost-conscious to remain economically viable.1 The new system began 
reimbursing hospitals based on a prospectively determined fixed rate for a specific bundle of services for 
clinically similar patients. Services were bundled into 467 diagnosis-related groups related to the 
expected resource intensity for all clinically similar conditions.1 The prospective payment was introduced 
to halt, and hopefully, lower the rising costs of Medicare. Before prospective payment, hospitals made 
tremendous profits by offering and performing new and sometimes unnecessary services. After 
prospective payment hospitals could no longer profit from offering more and more services, instead they 
focused on maximizing the profit from each patient with as few services as possible.  
Soon after the implementation of prospective payment hospital administrators began to ask 
physicians to make decisions while including cost considerations, rather than in a financially 
unconstrained way.1 For example, one of the first notable changes in patient care after the 
implementation of prospective payment was to decrease the average length of stay for Medicare patients. 
Right after prospective payment began, the average length of stay for Medicare enrollees decreased by 
30 percent.1 The phrase “quicker and sicker” was coined, most likely by physicians, to characterize this 
trend, as patients were being released after a shorter length of stay and were discharged before fully 
recovering. The reason patients were being released with a shorter length of stay was because they were 
being discharged or transferred to facilities that still operated under the traditional fee for service system, 
a system that translated into higher profits for hospitals than prospective payment.1 The evidence has 
been mixed as to whether reduced length of stays resulted in higher mortality, but regardless, 
administrators made decisions in order to reduce costs without knowing a priori what the affect would be 
on patient outcomes.  
Another example of hospitals making decisions based on financial concerns and not on what is 




practice of denying care based on a lack of insurance when patients have emergency medical conditions. 
Patient dumping can occur in various forms. Patients can be can be transferred to public hospitals, 
encouraged to seek care at a public hospital or discharged early. In 1986 a federal law was passed to 
prevent patient dumping. Yet some hospitals continue to turn away patients in need of emergency care 
based on financial considerations.3 
While hospital administrative policies encourage and pressure physicians to shorten the average 
length of stay or to promote “patient dumping”, these policies do not provide direct evidence that hospital 
administrative decisions based on financial considerations negatively affect patient outcomes. However, 
these examples do provide evidence that hospital administrators enact policies, written or unwritten, to 
ensure the economic viability of the hospital. The change in the reimbursement policy had an immediate 
effect and resulted in shorter lengths of stay for all hospitals, regardless of the financial distress they were 
under.1  
However, few studies to date have specifically focused on how hospital financial distress might 
influence hospital or patient-level quality measures or patient outcomes. Most literature linking a hospital 
financial variable to quality has used cost, and not a measure of hospital financial distress.5,6 Costs only 
capture the financial resources expended by the hospital. Without knowledge of how much the hospital is 
being reimbursed for their expenditures it is impossible to conclude whether a hospital is making or losing 
money from patient care (i.e. making a profit). In other words, costs alone do not measure any of the four 
domains of hospital finance and therefore are not a good measure of hospital financial distress. The four 
domains of hospital finance are profitability, solvency, liquidity and asset efficiency. A factor analysis in 
1991, commissioned by the American Hospital Association, validated these four domains, as well as 
financial indicators that measure each of them.7  
The goal of this systematic review is to evaluate if a relationship exists between hospital financial 
distress and quality of care and/or patient outcomes. Any study that includes a financial ratio measure of 
at least one domain of hospital finance will be included. Table 1 lists each of the four domains, the 
measures commonly used to capture each of the domains and well as the components of each domain. 




assumed to be very sparse based on unsystematic reviews of the literature a very broad set of search 
terms was used. This review includes any peer-reviewed literature published since 1983 that includes a 
financial ratio measure of hospital finance and how it may affect quality of care indicators and/or patient 
outcomes.  
Methods 
The peer-review literature published between January 1, 1983 and February 21, 2013 was 
reviewed. Literature before 1983 was excluded because 1983 was the year that the inpatient prospective 
payment system was implemented and hospital finances significantly changed afterwards. Two 
databases were used to search for potentially relevant articles: PubMed and Web of Science. PubMed 
allows articles to be searched by medical subject heading (MeSH) terms, minor subject terms, as well as 
by keywords. Web of Science only allows for articles to be searched by keywords. PubMed was searched 
using both MeSH terms as well as keywords present in the title and/or abstract. Web of Science was only 
searched using keywords present in the title. The full search strategy, including the specific search terms, 
is shown in Table 2. Three main searches were conducted to maximize the number of potential articles to 
be included. The first search was conducted in PubMed and included MeSH terms for both hospital 
financial conditions and quality measures and patient outcomes. The second search was conducted in 
PubMed and included keywords present in the title and/or abstract for hospital financial conditions and 
MeSH terms for the quality measures and patient outcomes. The third search was conducted in Web of 
Science and included keywords present in the title for hospital financial conditions. Since the number of 
keywords that could capture any patient outcome or quality measure is infinite, no keywords were used. 
This approach was used, instead of using a list of 50 to 100 possible keywords, in order to maximize the 
number of articles identified.  
The flowchart of the screening process from titles to final articles included in the review is shown 
in Figure 1. The total number of titles that were found searching PubMed and Web of Science with the 
previously mentioned MeSH terms and keywords was 24,231. After removing duplicate articles, using 
EndNote’s remove duplicate records tool, 19,557 articles remained.  At this stage, titles of the 19,557 




outcomes or did not include a reference to hospital finance, and were therefore immediately excluded 
from the analysis. The majority of articles excluded were related to hospital financial trends, hospital costs 
and articles related to hospital management. Most of which appeared to be trade journal articles and not 
scientific studies. For example, the Healthcare Financial Management Association journal is searchable 
on PubMed, however, none of the articles published in this journal are peer-reviewed and/or original 
scientific studies.  
After attempting to find the abstract of all 107 remaining articles, 24 were removed, because there 
was no abstract and/or the article was not original research, i.e., the article was an editorial or published 
interview. After reviewing the abstracts of the remaining 83 articles, articles were removed if there was 
clearly not a hospital financial indicator mentioned or a measure of quality and/or a patient outcome. Also, 
articles at this stage, and moving forward, were excluded if the hospital financial ratio measure was 
included in the study as an outcome, as the goal of this review was to assess the impact of hospital 
financial distress on quality or patient outcomes. After reviewing all the abstracts, 57 articles were 
removed. This left 26 articles. The full-text of these 26 articles was then reviewed. At this stage, articles 
were removed if it became clear there was no measure of one of the four domains of hospital finance 
and/or if there was no patient or quality measure as an outcome.  
Of the 26 articles reviewed, 23 were excluded, leaving three that met criteria to be included in the 
qualitative review. The specific reasons that each of these 23 articles were excluded are presented in 
Table 3a. Next, the references of the three articles, in addition to four systematic reviews discovered 
through the overall screening process, were reviewed for relevant titles. Nine additional titles were 
identified through the review of these articles. Then the abstracts of these nine articles were reviewed and 
two of these articles were excluded based on the abstract. The full-text of these seven additional articles 
was reviewed for inclusion in the qualitative review. All of these articles were excluded after reviewing the 
full-text. The reasons for exclusion are presented in Table 3b. The most common reason articles were 
excluded at this stage was because there was no measure of one of the four domains of hospital finance. 




Once the articles were selected for inclusion in the qualitative review relevant information was 
extracted from each article. The extracted information included information on how the hospital financial 
variable was measured and the time period in which it was measured, how the patient health outcome or 
quality indicator was measured as well as the time period in which it was measured, the mechanism 
posited about how the measure of hospital finance affects the study outcome, whether or not criteria were 
used to identify potential confounders, the magnitude of the effect size, whether a trend was present, and 
finally, whether or not the direction of the observed association was in alignment with the theory that 
hospital financial distress leads to worse patient outcomes. The information that was extracted was 
divided into three tables (Tables 4a, 4b and 4c).  
Results 
Among the three articles included in the review hospital finance was measured in three different 
ways: 1) operating profit margin, 2) total profit margin, and 3) cash flow margin. All three of these 
measures capture profitability. No measures captured the other three domains of hospital finance: 
liquidity, solvency and asset efficiency. As is listed in Table 4A, eight different patient health outcomes or 
quality indicators were used in the three studies, including: 1) all likely preventable patient safety events, 
2) surgical related patient safety events, 3) nursing related patient safety events, 4) in-hospital mortality, 
5) summary performance indicators for three different diseases: acute myocardial infraction (AMI), 
congestive heart failure (CHF) and pneumonia, 7) 30-day readmission rates for AMI, CHF and pneumonia 
and  8) 30-day mortality rates for AMI, CHF and pneumonia. All likely patient safety events, surgical 
related safety events and in-hospital mortality were included as outcomes in two studies. The rest of the 
outcomes were only used in one study.  
As is shown in table 4b, all three studies hypothesized that hospitals under financial distress 
would have to curtail or alter hospital procedures and/or practices in a way that would negatively affect 
quality or patient outcomes. While all studies hypothesized a similar mechanism, not all studies used the 
same criteria for confounder control. Encinosa and Bernard included variables that may impact both 
hospital finance and patient outcomes, Bazzoli only included variables that may impact patient outcomes 




variables adjusted for in each study were very different (as is shown in Table 4b), the results are very 
similar.  
Table 4c highlights the results from each paper. There were 19 different associations tested in the 
three papers included in this review. All 19 of the estimated effect sizes were small, 16 out of 19 of the 
measured associations were in the direction hypothesized; that hospital financial distress leads to worse 
outcomes. Encinosa & Bernard and Bazzoli categorized profit margin into quartiles, though both used 
slightly different cut-points. Encinosa & Bernard chose a cut-point based on “expert” opinion while Bazzoli 
chose cut-points based on quartiles derived from the sample data. The operating profit margin cut-point 
Encinosa & Bernard used was -0.5% whereas the operating profit margin Bazzoli used was -5.0%. 
Despite these different cut-points both studies found trends in the hypothesized direction for nursing-
related safety events and in-hospital mortality. Encinosa & Bernard also found a trend for all patient safety 
events. Regarding surgical-related safety events neither Encinosa & Bernard nor Bazzoli found a trend in 
the hypothesized direction. Ly categorized operating profit margin as based on below the 10th percentile, 
between the 11-50th percentile, between the 51-89th percentile and above the 90th percentile. Ly found 
small but consistent trends for the effect of operating profit margin on process indicators of quality for 
AMI, CHF and pneumonia. Ly also found small but consistent trends for the effect of operating profit 
margin on 30-day readmission rates for AMI, CHF and pneumonia. Ly did not find a consistent trend with 
operating profit margin and 30-day mortality rates.           
Discussion 
After limiting the articles to those that included at least one measure of one domain of hospital 
finance only three articles remained. This review demonstrates how little is known about this topic, even 
with the very broad and general criteria that were used. However, all three studies found small but 
consistent relationships between hospital operating profit margin (the measure used for hospital financial 
distress) and the majority of quality or patient outcome measures assessed. There was a small, but 
consistent trend for operating profit margin and nursing-related safety events, all patient safety events, in-




readmission rates for AMI, CHF and pneumonia. The two outcomes for which there were inconsistent 
trends were surgical-related safety events and 30-day mortality from AMI, CHF and pneumonia. 
A potential explanation of the small effect sizes is the use of a one-year lag of the hospital 
financial measures. A one-year measure is not as reliable as a three-year average, as has been 
discussed elsewhere16, and will be discussed in more detail in the next paper. Since the one-year lag is 
used for all hospitals, if any bias exists it will be non-differential and therefore bias towards the null. 
While all three studies looked at operating margin as an outcome, and other measures of 
profitability, it is unclear if composite measures of hospital financial conditions are more appropriate 
measures of hospital financial distress. There are two commonly cited composite measures that can be 
used to assess the financial state of a hospital: the Financial Strength Index developed by Cleverley and 
the modified z-index developed by Altman. However, neither of these measures has been validated as 
measures of hospital financial distress. Since neither of the composite measures has been validated it is 
also unknown how profit margin stacks up against these measures. An aim of the second paper of this 
dissertation is to address this current gap in the literature.  
One component of the Affordable Care Act that greatly impacts hospitals is the establishment of 
the value based purchasing program. Before value based purchasing hospitals were not held accountable 
for the quality of care that they provided. Now hospitals are not only being held accountable for the quality 
of care they deliver but also the quality of care must be achieved at a reasonable cost. Quality is 
measured based on three domains: the Clinical Process of Care Domain, the Patient Experience of Care 
Domain and the Outcome Domain. Hospitals are financially rewarded if they provide an overall high 
performance of care on all three domains. On the other hand, if hospitals provide low quality of care or 
care at a very high cost, they are financially punished. If hospitals under financial distress provide lower 
quality of care because they don’t have the financial resources to provide higher quality of care then the 
value based purchasing system will financially punish these hospitals, further reducing quality and 
worsening patient outcomes. It’s also possible that hospitals will only focus on services and procedures 
that are being evaluated as part of the three domains rather than on overall quality. Therefore, a 




particularly vulnerable to hospital financial distress. If this is the case, then better understanding the 
mechanisms by which hospital financial distress leads to worse quality and/or patient outcomes is 
essential.  
On the other hand it is also possible that before value based purchasing if hospitals were under 
financial distress they made administrative decisions unaware of (or even unconcerned with) the impact 
their decisions would have on quality since poor quality of care wasn’t as directly tied to financial 
penalties as it is under value based purchasing.  If value based purchasing makes hospital administrators 
more aware of how their decisions impact quality then, as much as it is possible, even when hospitals are 
under financial distress, they may do everything possible to direct the necessary resources into practices 
that ensure quality of care. If however, hospitals under financial distress are unable to keep and/or direct 
financial resources towards functions, programs and activities that ensure high quality of care then value 
based purchasing is only going to financially penalize hospitals under financial distress, which will in turn 
further reduce quality of care and/or cause such distress hospitals will have to close.   
Currently the state of the science on hospital financial distress and quality or patient outcomes is 
in its infancy. The three studies identified in this systematic review are not enough to provide solid 
evidence for the existence of and/or magnitude of the problem. The first step to understanding the 
magnitude of the problem is to better understand the full range of quality measures and patient outcomes 
that are affected by hospital financial distress. If a true association exists between hospital financial 
distress and quality or patient outcomes one would expect this association to be the strongest for 
procedures that are unprofitable. Therefore, the first area of research should focus on evaluating the 
effect of hospital financial distress on unprofitable procedures, such as breast reconstruction following 
mastectomy.  If the research findings support an association between hospital financial distress and the 
receipt of breast reconstruction then other unprofitable services should also be evaluated.  Once the 
findings appear to be consistent across procedures and services that are unprofitable, research on 






Table 1: Domains and measures of hospital finance 
Domain Measures Components of measures 
Profitability Total margin, Operating margin, Return on total 
assets, return on equity, cash flow margin 
Operating revenue, operating expense, 
fund balance, total assets, net income, 
fund balance 
Liquidity Average days in accounts receivable, days cash 
on hand, Working capital, current ratio 
Assets, liabilities, cash, total expenses, 
depreciation, marketable securities, current 
assets, current liabilities 
Solvency Equity financing ratio,  Debt service coverage, Debt to capitalization, Cash flow to total debt 
Fund balance, total assets, total liabilities, 
depreciation, net income, total assets, net 
fixed assets, long-term debt, long-term 
liabilities 
Asset efficiency Average age of plant,  Fixed asset turnover, total 
asset turnover, current asset turnover 
Accumulated depreciation, annual 
depreciation expense, operating revenue, 
total assets, fixed assets, current assets 





 Table 2: Search terms used to identify relevant articles for the systematic review 
Database 
Hospital Financial Condition 
Search Terms Quality or Patient Outcome Search Terms Type of search Records 
Pubmed hospital financial management health care quality, access, and evaluation MeSH terms 15480 
hospital economics Outcome and Process Assessment (Health Care) 
capital expenditures Quality of Health Care 
Quality Indicators, Health Care 
Database 
Hospital Financial Condition 
Search Terms Quality or Patient Outcome Search Terms Type of search Records 
Pubmed financial pressure health care quality, access, and evaluation Title/abstract search term 1 4702 
Financial distress Outcome and Process Assessment (Health Care) MeSH search term 2 
 operating margin Quality of Health Care   









Database Hospital Financial Condition Search Terms Type of search Records 
Web of 
Science hospital financial management hospital efficiency Title 4049 
hospital economics liquidity 
capital expenditures hospital margin 
Solvency hospital finance 
financial pressure hospital profits 
Financial distress hospital productivity 
 operating margin    
hospital costs 
  hospital profitability       

















The above figure was adapted from Liberati et al. “The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies that Evaluate Health Care 
Interventions: Explanation and Elaboration”.18 Once eligible articles were chosen, titles of articles cited in those papers were reviewed for potential inclusion. Exception was four 
systematic reviews which were excluded as an eligible paper but references were screened for relevant titles. 
# of records identified through database 
searching: N = 24,231 
# of additional records identified by 





# of records after duplicates removed  
N = 19,557 
# of records screened through title 
 N = 107 
# of records removed 
N = 19,450 
# of full-text articles assessed for 
eligibility 
N = 26+ 7 = 33 
# of full-text articles 
excluded, with reasons 
N = 30 
# of studies included in qualitative 
synthesis 
N = 3 
# of records screened through abstracts 
(round 1)  
 N = 83 
# of records removed 
N = 24 
# of records screened through abstracts 
(round 2)  
 N = 26 
# of records removed 
N = 57 
# of additional records screened 
through abstracts 
N = 7 





Table 3a: Articles removed based on full-text and explanation for exclusion 
 Author(s) and article title Year Published Reason for Exclusion 
Bazzoli G, Andes S. Consequences of hospital financial distress7 1995 no patient or quality outcomes 
Beauvais B, Wells R, Vasey J et al. Does money really matter? The 
effects of fiscal margin on quality of care in military treatment 
facilities19 
2007 no measure of one of the four domains 
of hospital finance 
Bradbury RC, Golec JH, Steen PM. Relating hospital health outcomes 
and resource expenditures20 1994 
no measure of one of the four domains 
of hospital finance 
Burstin HR, Lipsitz SR, Udvarhelyi IS, Brennan TA. The effect of 
hospital financial characteristics on quality of care21 1993 
no measure of one of the four domains 
of hospital finance 
Cleverley WO, Harvey RK. Is there a link between hospital profit and 
quality?22 1992 sample size is only 8 
Gillean J, Shaha S, Sampanes E et al. A search for the "Holy Grail" of 
health care: a correlation between quality and profitability23 2006 editorial summary 
Harkey J, Vraciu R. Quality of health care and financial performance: 
is there a link?24 1992 temporality other direction 
Hartz AJ, Krakauer H, Kuhn EM, et al. Hospital characteristics and 
mortality rates25 1989 
no measure of one of the four domains 
of hospital finance 
Hatler CW. Influence of hospital context on cost and length of stay 
following cardiac catheterization26 2006 
no measure of one of the four domains 
of hospital finance 
Hvenegaard A, Arendt JN, Street A et al. Exploring the relationship 
between costs and quality: does the joint evaluation of costs and 
quality alter the ranking of Danish hospital departments?27 
2011 no patient or quality outcomes 
Jha AK, Orav J, Dobson A, et al. The relationship between the costs 
and quality of hospital care in the US28 2007 
no measure of one of the four domains 
of hospital finance 
Kelly JV, Hellinger FJ. Physician and hospital factors associated with 
mortality of surgical patients29 1986 
no measure of one of the four domains 
of hospital finance 





 Author(s) and article title Year Published Reason for Exclusion 
Lagu T, Rothberg MB, Nathanson BH,et al. The relationship between 
hospital spending and mortality in patients with sepsis30 2011 
no measure of one of the four domains 
of hospital finance 
Langland-Orban B, Gapenski LC, Vogel WB. Differences in 
characteristics of hospitals with sustained high and sustained low 
profitability31 
1996 no patient or quality outcomes 
McDermott C, Stock GN. Hospital operations and length of stay 
performance32 2007 
no measure of one of the four domains 
of hospital finance 
Morey RC, Fine DJ, Loree SW et al. The trade-off between hospital 
cost and quality of care. An exploratory empirical analysis33 1992 temporality other direction 
Schultz MA, van Servellen G, Litwin MS, et al. Can hospital structural 
and financial characteristics explain variations in mortality caused by 
acute myocardial infarction?34 
1999 no measure of one of the four domains 
of hospital finance 
Shen YC. The effect of financial pressure on the quality of care in 
hospitals35 2003 
no measure of one of the four domains 
of hospital finance 
Siegrist RB, Jr., Kane NM. Exploring the relationship between inpatient 
hospital costs and quality of care36 2003 
no measure of one of the four domains 
of hospital finance 
Skelton AG. The relationship among cost, quality, and competition: an 
analysis of obstetrics services in Missouri hospitals37 1997 
no measure of one of the four domains 
of hospital finance 
Smith RB, Dynan L, Fairbrother G, Chabi G, Simpson L. Medicaid, 
hospital financial stress, and the incidence of adverse medical events 
for children38 
2012 no measure of one of the four domains 
of hospital finance 
Stukel TA, Fisher ES, Alter DA, et al. Association of hospital spending 
intensity with mortality and readmission rates in Ontario hospitals39 2012 
no measure of one of the four domains 
of hospital finance 
Wodchis WP, Teare GF, Anderson GM. Cost and quality - Evidence 
from Ontario long term care hospitals40 2007 temporality other direction 
 
 





Table 3b: Additional articles removed based on full-text and explanation for exclusion 
Author(s) and article title 
Year 
Published Reason for Exclusion 
Brennan TA, Hebert LE, Laird NM et al. Hospital characteristics 
associated with adverse events and substandard care41 1991 
no measure of one of the four 
domains of hospital finance 
Carrott PW, Markar SR, Kuppusamy MK et al. Accordion severity 
grading system: assessment of relationship between costs, length of 
hospital stay, and survival in patients with complications after 
esophagectomy for cancer42 
2012 no measure of one of the four domains of hospital finance 
Deily ME, McKay NL. Cost inefficiency and mortality rates in Florida 
hospitals43 2006 
no measure of one of the four 
domains of hospital finance 
McKay NL, Deily ME. Cost inefficiency and hospital health outcomes44 2008 no measure of one of the four domains of hospital finance 
Keeler EB, Rubenstein LV, Kahn KL et al. Hospital characteristics and 
quality of care45 1992 
no measure of one of the four 
domains of hospital finance 
Shi L. Patient and hospital characteristics associated with average 
length of stay46 1996 
no measure of one of the four 
domains of hospital finance 
Schultz MA, van Servellen G, Chang BL et al. The relationship of 
hospital structural and financial characteristics to mortality and length 
of stay in acute myocardial infarction patients47 
1998 duplicate of other Schultz paper 
excluded in table 3a 




















Measure of hospital 
financial health 
operationalized 
Measure of patient health outcome or 
quality indicator 
Bazzoli et al48 1995-2000 1995-2000 
Operating profit 
margin and ratio of 
cash flow to total 
revenues   
(one-year lag)   
Both measures categorized 
based on quartiles using the 
1995 financial data, e.g. 25th 
percentile for OPM = -5.0 %.  
 1) Surgical related patient safety events  
 2) Nursing related patient safety events  
 3) In-hospital mortality occurring in a low 







(one-year lag)   
Categorized based on pre-
determined cut-points. 
Lowest category was ≤-0.5% 
 1) Surgical related patient safety events  
 2) Nursing related patient safety events  
 3) All likely preventable patient safety 
events (including the surgical and nursing 
patient safety events) 
4) In-hospital mortality occurring during 
major surgery 
Ly et al50 2006 2007 
Total profit margin, 
operating profit 
margin 
(one-year lag)   
Categorized based on 
bottom 10%, 11-50%, 51-
89%, and top 10% 
1) Summary performance indicator scores 
for AMI, CHF and pneumonia. These 
summary indicator scores represent the 
number of times a hospital performed the 
appropriate action across all measures for 
a particular condition divided by the 
number of opportunities the hospital had 
to provide appropriate care for that 
condition 
2) Readmission rates defined as 
readmission within 30-days of discharge 
for AMI, CHF and pneumonia 
3) Mortality rates defined as 30-day 
mortality from AMI, CHF and pneumonia 





 Table 4b: Summary of articles included in the qualitative review part II 
Author(s) 





confounder control? Variables adjusted for in analyses 
Bazzoli et al48 
That hospitals will 
curtail activities that 
enhance quality as 
hospital financial health 
declines 
Variables used in prior 
patient outcome studies 
that are non-financial 
factors that potentially 
affect patient care 
Hospital variables: number of beds, hospital ownership, multi-
hospital system, number of high-tech services offered, number 
of surgical operations provided by the hospital, median age of 
patients, proportion of male patients, case-mix, payer mix, 
patient acuity 
Market variables: county income, hospital beds per 1000 
people in the county, percent of hospitals that are for profit in 
the county and HMO market share 
Encinosa & 
Bernard49 
Changes in hospital 
financial health may 
lead to changes in 
staffing, quality control 
and other areas that 
affect patient outcomes 
Variables that may 
impact both patient 
safety and profit 
margins 
Patient variables: age, sex, insurance, transfer admission, 
median household income of patient’s home zip code, 
indicators for 30 chronic conditions, major diagnostic category 
for each patient and indicator for year 
Hospital variable: included hospital as a fixed effect (i.e. 
included the hospital ID variable as a covariate in the model) 
Ly et al50 
Lower hospital margins 
may conflict with efforts 




chosen a priori 
Patient variables: age, sex, race/ethnicity, and the presence 
or absence of the 29 comorbid conditions in the Elixhauser 
index. 
Hospital variables: hospital size, hospital ownership, location, 
teaching status, presence of a MICU, presence of CCU, 













     Table 4c: Summary of articles included in the qualitative review part III 
Author(s) 
Measure of 










Cash flow to 
total revenues 
 
Nursing-related safety event 
Surgical-related safety event 
In-hospital mortality 
 
Nursing-related safety event 
Surgical-related safety event 
In-hospital mortality 
Effect sizes small, trend present  
Effect sizes small, no trend 
present  
Effect sizes small, trend present 
 
Effect sizes small, trend present  
Effect sizes small, no trend 
present  












Nursing-related safety event 
Surgical-related safety event 
All patient safety events 
In-hospital mortality 
Effect sizes small, trend present  
Effect sizes small, no trend 
present 
Effect sizes small, trend present  





Ly et al50 Operating profit 
margin 
Acute MI hospital quality alliance score 
Congestive heart failure hospital quality alliance 
score 
Pneumonia hospital quality alliance score 
 
Acute MI 30-day readmission rate 
Congestive heart failure 30-day readmission rate 
Pneumonia 30-day readmission rate 
 
Acute MI 30-day mortality rate 
Congestive heart failure 30-day mortality rate 
Pneumonia 30-day mortality rate 
Effect sizes small, trend present  
Effect sizes small, trend present  
Effect sizes small, trend present 
 
Effect sizes small, trend present  
Effect sizes small, trend present  
Effect sizes small, trend present  
 
Effect sizes small, no trend 
present  
Effect sizes small, no trend 
present  


















CHAPTER 3: ASSESSING THE VALIDITY OF THREE DIFFERENT MEASURES OF HOSPITAL FINANCIAL 
DISTRESS 
Introduction 
The overall objective of this dissertation is to assess the current science on the impact that hospital 
financial distress has on patient or quality outcomes, as well as to produce an original analysis that contributes to 
the existing body of knowledge. The first paper of this dissertation, the systematic review, showed that very few 
studies have attempted to assess this relationship. Since this area of inquiry, linking hospital financial distress to 
patient outcomes, is still in its infancy, one area of research that needs more attention is the measure of hospital 
financial distress used. All three papers to date that linked a measure of hospital finance to patient or quality 
outcomes used profit margin as their measure. While profit margin may be an adequate measure of hospital 
financial distress, as it was previously validated against hospital closure, it may not be the best indicator of 
hospital financial distress. This is because it only taps into one of the four domains of hospital finance.7 The four 
domains of hospital finance are profitability, liquidity, solvency and asset efficiency. Profitability captures the 
extent to which the hospital revenues are greater than hospital costs, liquidity captures the ability of a hospital to 
pay current bills, solvency captures the ability to cover debt and asset efficiency captures the efficiency in which a 
hospital uses its assets. Poor financial performance in any of these domains could signal distress and lead to 
organizational or process changes to improve financial performance.  
An alternative to using profit margin would be to use a composite measure that captures more than one 
domain of hospital finance. The two main composite measures of hospital financial distress that are referenced in 
the literature are Cleverley’s Financial Strength Index and Altman’s modified z-index. However, neither of these 
measures has been adequately validated, nor have they been validated in comparison to profit margin. That is 
why the goal of this dissertation paper is to assess the validity of the Financial Strength Index and the modified z-
index and compare their measurement characteristics to those of profit margin.  
Existing literature on measures of hospital financial distress 
A 1993 paper published by Wertheim & Lynn assessed the validity of 21 financial ratio measures for 
predicting hospital closure.51 They also assessed differences in validity using a one year or a two year lag for 




with the highest overall accuracy for predicting hospital closure and concluded that a one year lag resulted in 
higher accuracy than a two year lag.  
While profit margin, as an individual ratio, had the highest prediction accuracy of the 21 financial ratios 
tested, hospital financial experts agree that no one financial ratio measure is adequate for capturing the financial 
situation of a hospital.52-55 However, there has been limited assessment of the validity of composite measures of 
hospital financial distress. The Financial Strength Index and the modified z-index, the two prominent composite 
measures of hospital financial distress discussed in the literature, have not been adequately validated.8 The 
Financial Strength Index  has never been validatedi, while the modified z-index has only ever been validated on a 
sample of rural hospitals in Pennsylvania.56 
The Financial Strength Index 
The Financial Strength Index is a composite measure of hospital financial distress developed by William 
Cleverley. The Healthcare Financial Management Association recognizes it, along with the modified z-index, as a 
composite measure of hospital financial distress.8 The four financial ratio measures that make up the Financial 
Strength Index are total margin, debt financing ratio, cash days on hand and average age of plant. Table 1 
provides a summary of the four financial ratio measures as well as how each one is calculated using Medicare 
hospital cost report data. 
Table 1. Financial ratio measures included in the Financial Strength Index 
Financial Ratio Measure Definition Calculation using Cost Report Dataii 
Total margin Net income/Total revenues Worksheet G-3, Line 3, column 1/Worksheet G-3, Line 3 + 25 
Debt Financing Ratioiii Current liabilities/ Current assets (Worksheet G, Line 36, Columns 1, 2, 3, 4) / (Worksheet G, Line 11, Columns 1, 2, 3, 4) 
Days Cash on Hand 
(Cash + marketable securities + 
unrestricted investments) / [(Total 
expenses-depreciation)/Days in 
period] 
(Worksheet G, Lines 1, 2, 22, Columns 1, 2, 3, 4)/ [((Worksheet 
A, Line 101, Column 3) - Worksheet A, Lines 1, 2, 3, 4, 
Column 3))/Days in Period] 
Average Age of Plant Accumulated depreciation / Annual 
depreciation expense 
(Worksheet G, Lines 12.01, 13.01, 14.01, 15.01, 16.01, 17.01, 
18.01, 19.01, Columns 1, 2, 3, 4)/Worksheet A, Lines 1, 2, 3, 4, 
Column 3 
                                                     
i
 An article that appeared in the journal of the Healthcare Financial Management Association mentions the Financial Strength Index was 
validated as a measure of hospital closure. However, the only article discovered through a systematic review of all articles published by 
Cleverley that attempted to validate a measure of hospital closure was not the Financial Strength Index, which consists of four financial ratios, 
but the Financial Flexibility Index which consists of 10 financial ratio measures. The Financial Flexibility Index is not the measure most 
frequently cited in the literature. 
 
ii
 These calculations come from the report by the Flex Monitoring Team’s report on Critical Access Hospitals in 2005 
 
iii




To calculate the Financial Strength Index the four financial ratio measures mentioned in Table 1 are 
normalized around industry values which reflect good financial standing on that measure, according to expert 
opinion.iv Table 2 below shows the selected industry average values for each measure and how the normalized 
measure is calculated. 
Table 2. Normalizing the financial ratio measures for the Financial Strength Index 
Indicator Name 





Altman’s modified z-index 
In 1968 Edward Altman developed a mathematical model to predict bankruptcy in publicly traded 
manufacturing firms. Since then he has modified his original model for private manufacturing, non-manufacturing 
and service companies.52 In 2004 Almwajeh substituted financial ratio measures applicable to a hospital setting 
for the four ratios Altman used in his 1995 modified z-index.56 Almwajeh went on to assess the validity of the 1995 
modified z-index using hospital ratio measures and found that the results for predicting hospital closure were 
consistent with Altman’s findings for predicting closure among private manufacturing, non-manufacturing and 
service companies. However, Almwajeh only assessed the validity of the modified z-index on a rural sample of 
hospitals in Pennsylvania. In addition, Almwajeh developed his own weights, which are likely to not be applicable 
to all types of hospitals across the U.S. That is why one of the aims of this empiric paper is to assess the validity 
of Almwajeh’s version of the modified z-index on a full sample of U.S. hospitals. 
The four financial ratio measures that make up the modified z-index are working capital, equity financing, 
return on assets and total asset turnover. Table 3 provides a summary of the four financial ratio measures as well 
as how each one is calculated using Medicare hospital cost report data. 
                                                     
iv
 According to Cleverley the selected industry values are “industry average” values. However, the values selected are above the median 
values for almost all the financial ratio measures and for almost all the years of Medicare cost report data from 1996-2010. Therefore, the 
industry average values seem to reflect expert opinion on what is considered to be a good value for each financial ratio measure. 
 
v
 The Critical Access Hospital report provided the calculation for current ratio which is the reverse of the debt financing ratio 
Financial Ratio 
Measure Normalized Financial Ratio Measure 
Total margin (Total Margin – 4.0)/4.0 
Debt Financing Ratiov (50 – Debt Financing)/50 
Days Cash on Hand (Days Cash On Hand – 50)/50 




Table 3. Financial ratio measures included in the Modified z-index 
Financial Ratio 
Measure Definition Calculation using Cost Report Datavi 
Working capital Current assets-Current 
liabilities/total assets 
[(Worksheet G, Line 11, Columns 1, 2, 3, 4)- (Worksheet G, 
Line 36, Columns 1, 2, 3, 4)]/ 
(Worksheet G, Line 27, Columns 1, 2, 3, 4)  
Equity financing Fund balance/total assets (Worksheet G, Line 51, Columns 1, 2, 3, 4)/ (Worksheet G, Line 27, Columns 1, 2, 3, 4)  
Return on assets Net income/total assets (Worksheet G-3, Line 3, column 1)/ (Worksheet G, Line 27, Columns 1, 2, 3, 4) 
Total asset turnover Total operating revenue/total 
assets 
(Worksheet G-3, Line 5, column 1)/ (Worksheet G, Line 27, 
Columns 1, 2, 3, 4) 
Materials and Methods 
Overview 
The goal of this paper is to assess the validity of the modified z-index and the Financial Strength Index as 
measures of hospital financial distress, by assessing how well they predict hospital closure during the period 
2002-2009, and comparing the results to those of profit margin. While profit margin may have been previously 
validated as a measure of hospital closure, it is unknown if more complex measures, such as the modified z-index 
or the Financial Strength Index are actually better measures of hospital financial distress. If the modified z-index, 
Financial Strength Index and profit margin were perfect measures of hospital financial distress then they would 
perfectly predict the gold standard of hospital distress. However, there is no gold standard for hospital financial 
distress. In the absence of a gold standard for hospital financial distress, hospital closure will be used, as hospital 
financial distress should be strongly related to hospital closure. A report on the reasons why hospitals closed in 
California from 1995-2000 found that financial problems were the single most common reason cited for closure.57 
Similarly, a national study conducted by the Inspector General of the Department of Health and Human Services 
in 1989 found that a major contributor to hospital closures was financial distress.58  However, not all hospitals that 
are under financial distress will close, as the market can change and/or administrators can make changes before 
a hospital closes. Therefore, a good measure of hospital financial distress should predict hospital closures well, 
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Data on all U.S. acute care hospitals that permanently closed from 2002-2009 was provided by the 
American Hospital Association. The provided hospital name and address in this data source was used to merge 
this data source to the hospital financial data.    
Data necessary to calculate the measures of hospital financial distress comes from Medicare cost reports. 
All Medicare-certified hospitals are required to report financial statements annually. These reports are made 
publically available online by the Center for Medicare and Medicaid services (CMS) through the Healthcare Cost 
Report Information System (HCRIS). Hospital cost report data from 1996-2009 was downloaded and imported 
into SAS. Hospitals with more than one cost report per fiscal year were flagged for further inspection. If a hospital 
had a duplicate report that was recorded as being settled with audit, reopened or amended then that cost report 
was dropped. If a hospital had duplicate reports, and they covered non-overlapping time frames, then the cost 
reports were combined. Otherwise, if a hospital had duplicate reports, with overlapping time frames, the cost 
report with the fewest number of days was deleted. After duplicate records were removed, the financial ratio 
measures were calculated and compared to published values in order to evaluate the accuracy of calculated 
values (see Appendix 3A for more details). The median values calculated from the HCRIS data were very close to 
previously published median values using the same data. 
Classifying hospital financial distress 
There are two main factors that are important for classifying hospital financial distress: the cut-point that 
determines whether hospitals are financially distressed or not and the time frame used to measure the financial 
status of the hospital. The Financial Strength Index and the modified z-index have expert recommended cut-
points for classifying hospitals as financially distressed. The Financial Strength Index cut-point is -2.0 and the 
modified z-index cut-point is 1.75. While these are the expert recommended cut-points these cut-points have 
never been validated in a full sample of US acute care hospitals. Receiver Operating Characteristic curves were 
estimated and used to determine the cut-points that maximize sensitivity and specificity. Hospital financial distress 
was measured over three different time frames. The time frames assessed were a one-year lag, a three-year 
average with no lag (i.e. including the year of hospital closure assessment ), and a three-year average with a one-
year lag (i.e. excluding the year of hospital closure assessment). More detailed information on the calculation of 






The relationship between profit margin, Financial Strength Index, the modified z-index and hospital 
closures were assessed using a random sample of hospitals from 2002-2009. The full sample was split into two 
random samples, an estimation sample and a validation sample. The optimal cut-point for each measure of 
hospital financial distress was estimated using one sample and then the selected cut-points were validated using 
the other sample.  
The optimal cut-point for each measure was selected by finding Youdan’s index on each generated ROC 
curve. Youdan’s index is the point on the Receiver Operating Characteristic (ROC) curve where sensitivity plus 
specificity is at its maximum.59 ROC curves were generated for all three times frames for each of the three 
financial measures using the estimation sample. 
Once the optimal cut-point was identified for each time frame for each measure the positive predictive 
value (PPV), negative predictive value (NPV), sensitivity, specificity, accuracy, Youdan’s index (sensitivity + 
specificity), summary score (sensitivity + specificity + accuracy) and the risk ratio  were calculated for each cut- 
point. These measures were calculated in both the estimation and validation samples.  
Results 
In this section descriptive statistics are presented for hospital closure and for all three measures of 
hospital financial distress. Hospital closure is a rare event. Over the entire study period from 2002 to 2009 160 
hospitals closed. Given that ~4,500 acute-care hospitals are in operation in any given year the average annual 
percent of hospitals that closed from 2002 to 2009 was 0.37%. The median values of hospital financial distress 
vary differently during the time period 2002-2009 depending on the measure used. Figure 1 shows the annual 
median modified z-index value from 2002 to 2009 for all three time frames. Figure 2 shows the annual median 
Financial Strength Index value from 2002 to 2009 for all three time frames.  The low for the modified z-index and 
the Financial Strength Index occurred in 2002, while the high for the modified z-index and the Financial Strength 
Index occurred in 2007. The Financial Strength Index and profit margin (shown in Figure 3) appear to be 
influenced more by external factors than the modified z-index as the modified z-index remained relatively stable, 
even during the financial crisis of 2008, while profit margin and the Financial Strength Index have both been 





Figure 1. Median modified z-index values from 2002-2009 
 
Figure 2. Median Financial Strength Index values from 2002-2009 
 
Figure 3 shows the annual median values for profit margin from 2002 to 2009. Unlike the median modified 
z-index and Financial Strength Index values, the median values for profit margin varied pretty widely from 2002 to 
2009. Profit margin, measured as a 3-year average with and without a 1-year lag, was at its lowest value in 2002. 
The lowest median observed for profit margin measured with a 1-year lag occurred in 2009. The highest median 
observed for profit margin across all time frames was observed in 2007, similar to the modified z-index and the 
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Figure 3. Median profit margin values from 2002-2009 
 
As was discussed in the methods, receiver operating characteristic curves were estimated for each of the 
three measures of hospital financial distress across all three time periods. Nine receiver operating characteristic 
curves were estimate in total and on each curve Youdan’s Index was identified. Table 4 shows the comparison 
between the previously recommended cut-points and the cut points determined by Youdan’s index.  
Table 4. Comparing different cut-points 





Modified z-index 1 year lag 1.75 5.30 
Modified z-index 3 year average  1.75 4.15 
Modified z-index 3 year average with 1-yr lag 1.75 4.50 
Financial Strength Index 1 year lag -2.00 -2.30 
Financial Strength Index 3 year average  -2.00 -4.00 
Financial Strength Index 3 year average with 1-yr lag -2.00 -1.75 
Profit Margin 1 year lag 0.00 -2.25 
Profit Margin 3 year average  0.00 -3.60 
Profit Margin 3 year average with 1-yr lag 0.00 -2.75 
 
Table 4 shows that the recommended cut-points were consistently lower for the modified z-index 
compared to the cut-points identified by Youdan’s Index. The recommended cut-points for the Financial Strength 
Index were lower than the cut-points identified by using Youdan’s Index for the 1-year lag, as well as for the 3-
year average. However, the recommended cut point for the Financial Strength Index was slightly lower than the 
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identified using Youdan’s Index was always consistently lower than the recommended cut-point of 0. A result of 
the differences in the cut-points is that a different proportion of hospitals will be classified as distressed when 
using the recommended cut-points compared to the cut-points identified by Youdan’s Index. Table 5 shows the 
proportions of hospitals classified as being under financial distress using the different cut-points. The proportion of 
hospitals under financial distress varied greatly between measures of hospital financial distress. The Financial 
Strength Index consistently classified more hospitals as financially distress compared to the modified z-index or 
profit margin when using the recommended cut-points. When using the cut-points determined by Youdan’s Index 
the Financial Strength Index classified the most hospitals as financially distressed when using a 1-year lag or a 3-
year average with a 1-year lag. When using a 3-year average and the Youdan Index cut-point, a similar proportion 
of hospitals were classified as financially distressed across all three measures.  When using Youdan’s Index as a 
cut-point the proportion of hospitals classified as financially distressed is much more similar between measures of 
hospital financial distress within each time frame compared to using the recommended cut-points.  
Table 5. Proportion of hospitals classified as financially distressed using different cut-points 
 















Recommended cut-point       
One-year lag 40% 9% 34% 38% 8% 33% 
Three-year average 38% 8% 33% 38% 8% 33% 
Three-year average with 1-yr lag 37% 8% 32% 37% 8% 32% 
Youdan’s Index cut-point 
      
One-year lag 35% 24% 25% 34% 24% 23% 
Three-year average 17% 16% 19% 16% 15% 18% 
Three-year average with 1-yr lag 41% 17% 20% 41% 17% 20% 
 
Using the cut-point determined by Youdan’s Index, validity statistics were calculated and presented in 
Tables 6 and 7. Table 6 shows the prediction results from the estimation sample and Table 7 shows the results 
from the validation sample. Overall the results observed in the estimation sample are very close to the results 
observed in the validation sample. In both samples, despite the differences in the number of hospitals being 
classified as distressed, the prediction results are very similar across all three measures of hospital financial 
distress. The three-year average results in the highest positive predictive value, negative predictive value, 




estimation sample and the validation sample. It is also interesting to note that the magnitude of the risk ratio is 
strongly correlated with the percent of hospitals classified as distressed, across all three measures.  
Discussion 
Despite the fact that the modified z-index and Financial Strength Index tap into more than one domain of 
hospital financial distress and profit margin taps into only one, all three of these measures appear to be 
reasonable measures of hospital financial distress. All three measures are strongly associated with hospital 
closure. However, as would be expected, none of them perfectly predict hospital closure. The measures of 
predictive validity that may be most relevant are positive predictive value and negative predictive value. These 
measures assess how well the modified z-index, Financial Strength Index and profit margin predict hospital 
closure. Negative Predictive Value is 100% for all three measures, regardless of the time frames assessed. This 
means that for all hospitals classified as being not financially distressed 100% of them did not close. Positive 
Predictive Value ranges from 1% to 3%. This means that among the hospitals classified as being financially 
distressed only 1-3% of them will close. While this seems like a low number these numbers aren’t that much lower 
than the 10% Positive Predictive Value found in a national sample of hospitals from 1980-19847. In this study they 
classified hospitals as being financially distressed if they had on average a negative margin over a four year-
period. What this earlier study showed, which is similar to the current study, is that the majority of hospitals under 
financial distress do not go on to close. On the other hand it is highly unlikely for a hospital to close if they are not 
under financial distress. Also, even though there is discussion in the literature about one year not being a reliable 
measure of hospital financial distress the results from this analysis show that Negative Predictive Value and 
Positive Predictive Value are pretty consistent across time frames. However, sensitivity, specificity, accuracy and 
the risk ratio do vary across time frames. Regardless of the measure of predictive validity, the three year average 
provides the highest value for the Financial Strength Index, the modified z-index and profit margin. 
In conclusion, the modified z-index and the Financial Strength Index, while composite measures of 
hospital finance, do not appear to be substantially better predictors of hospital closure than total profit margin. The 
positive predictive value, the negative predictive value, sensitivity and specificity are all very similar in both the 
estimation and validation sample for the modified z-index, the Financial Strength Index and profit margin. 
Therefore, using more sophisticated measures of hospital financial distress over profit margin seems 
unnecessary.  





Table 6. Validity statistics from the estimation sample for measures of hospital financial distress 









Score RR 95% CI 
z-index 1 yr lag 5.30 24% 2% 100% 78% 76% 76% 154 230 11.00 (3.63-33.34) 
z-index 3 yr avg  4.15 16% 2% 100% 78% 84% 84% 162 246 18.37 (6.07-55.61) 
z-index 3 yr avg with 1-yr lag 4.50 17% 2% 100% 72% 84% 84% 156 240 12.99 (4.65-36.29) 
Financial Strength Index 1 yr lag -2.30 35% 1% 100% 78% 65% 65% 143 208 6.40 (2.11-19.42) 
Financial Strength Index 3 yr avg  -4.00 17% 2% 100% 62% 83% 83% 145 227 7.82 (3.04-20.08) 
Financial Strength Index 3 yr avg with 1-yr lag -1.75 41% 1% 100% 78% 60% 60% 138 198 5.11 (1.69-15.50) 
Profit Margin 1 yr lag -2.25 25% 1% 100% 72% 75% 75% 147 222 7.75 (2.77-21.68) 
Profit Margin 3 yr avg -3.60 19% 2% 100% 67% 82% 82% 149 231 8.72 (3.28-23.15) 
Profit Margin 3 yr avg with 1-yr lag -2.75 20% 2% 100% 67% 80% 80% 147 227 7.99 (3.01-21.23) 
 
Table 7. Validity statistics from the validation sample for measures of hospital financial distress 









Score RR 95% CI 
z-index 1 yr lag 5.30 24% 2% 100% 72% 77% 77% 149 226 8.39 (3.00-23.47) 
z-index 3 yr avg  4.15 15% 3% 100% 78% 85% 85% 163 248 19.16 (6.33-57.98) 
z-index 3 yr avg with 1-yr lag 4.50 17% 2% 100% 61% 84% 84% 145 229 7.86 (3.06-20.20) 
Financial Strength Index 1 yr lag -2.30 34% 1% 100% 67% 66% 66% 133 199 3.90 (1.45-10.35) 
Financial Strength Index 3 yr avg  -4.00 16% 2% 100% 72% 84% 84% 156 240 13.59 (4.86-37.95) 
Financial Strength Index 3 yr avg with 1-yr lag -1.75 41% 1% 100% 72% 59% 59% 131 190 3.78 (1.35-10.58) 
Profit Margin 1 yr lag -2.25 23% 1% 100% 61% 77% 77% 138 215 5.20 (2.02-13.36) 
Profit Margin 3 yr avg -3.60 18% 2% 100% 78% 82% 82% 160 242 16.00 (5.29-48.45) 





CHAPTER 4: THE EFFECT OF HOSPITAL FINANCIAL DISTRESS ON IMMEDIATE BREAST 
RECONSTRUCTIVE SURGERY FOLLOWING MASTECTOMY 
 
INTRODUCTION 
The delivery of medical treatment should be determined by clinical factors and should be based 
on scientific evidence. If more than one equally acceptable treatment option exists then the treatment 
delivered should be determined by patient preference. Any factor that determines patient care that is not 
clinically relevant or not based on patient preference is an unwarranted determinant of medical care. Most 
of the research into the unwarranted determinants of medical care has evaluated individual factors such 
as race or physician factors such as physician-specific practice patterns.60-63 While physicians play an 
important role in the delivery and quality of medical care patients receive they function in a much larger 
system that has largely been ignored as a potential source of unwarranted determinants of medical care. 
Hospitals represent an important component of the healthcare system. Yet there has been little research 
on the effect that hospitals have on the delivery of medical care. In particular, as was shown in chapter 
two of this dissertation, only three papers to date have ever assessed the relationship between hospital 
finance and quality or patient outcomes.48-50  
Economic theory suggests that the quality and quantity of medical services a hospital produces is 
related to budget constraints.4 Therefore, hospitals most likely to make decisions that alter the delivery 
and quality of care patients receive are those under financial distress. When a hospital is experiencing 
financial distress this may affect the quantity of medical services by reducing the services a hospital 
offers, particularly unprofitable ones, or by encouraging physicians to make decisions based on cost, 
such as prioritizing operations that bring in the most revenue.  
If hospital financial distress is a determinant of unwarranted medical care, then the treatments 
and/or services that should be most affected are those that do not change life expectancy, those that 
have a less expensive clinically acceptable alternative and/or those services that are unprofitable. 
Immediate breast reconstruction following mastectomy is an example of a type of procedure that fits all of 




other surgical procedures such as cardiothoracic surgery, transplant surgery and neurologic surgery, 
among others, over breast reconstructive surgery.64  
Methods 
Data Sources 
The data for this paper come from multiple administrative data sources and from publically 
available information on the Internet about cancer centers. Administrative data will come from the 
following sources: The Nationwide Inpatient Sample, the Healthcare Cost Report Information System and 
the US Census bureau. Information on cancer center designations comes from websites maintained by 
the National Comprehensive Cancer Network and the National Cancer Institute.  
Nationwide Inpatient Sample 
The Nationwide Inpatient Sample is part of the Healthcare Cost and Utilization Project, sponsored 
by the Agency for Healthcare Research and Quality. The Nationwide Inpatient Sample approximates a 
20% stratified probability sample and is representative of community hospitals in the United States. 
Annually, it captures ~2,000 inpatient hospital stays for women undergoing mastectomy to treat ductal 
carcinoma in-situ. Information collected on patients includes basic demographic information and the first 
15 procedure and diagnostic codes for each inpatient stay, classified according to the International 
Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM). Each hospital in the 
Nationwide Inpatient Sample is given a unique identification variable which allows for the calculation of 
summary statistics based on the discharged patient population from each hospital. In addition, the county, 
zip code and address are provided for hospitals as well as teaching status of the hospital and other 
hospital-level characteristics.  
American community survey (ACS)  
The American Community Survey is an ongoing survey conducted by the U.S. Bureau of the 
Census that provides 1-year, 3-year and 5-year estimates on socioeconomic characteristics of counties, 





Healthcare cost report information system (HCRIS) 
The Healthcare Cost Report Information System is a healthcare cost resource information 
database compiled by the Center for Medicare and Medicaid Services. The database provides 
information on hospital cost reports on a quarterly basis. Information from the Healthcare Cost Report 
Information System will be extracted to generate measures of hospital financial distress covering four 
domains of a hospital’s financial conditions: profitability, liquidity, solvency and asset efficiency. This 
database also provides the address and name of each hospital. This information will be used to geo-code 
each hospital so that it can be linked to the hospitals in the Nationwide Inpatient Sample. The Nationwide 
Inpatient Sample provides the addresses which allows for the geo-coding of each hospital.  
National cancer institute (NCI) cancer centers 
There are 41 comprehensive cancer centers designated by the National Cancer Institute, some of 
which are also National Comprehensive Cancer Network institutions. The 41 comprehensive cancer 
centers are considered by NCI to provide excellent cancer care and treatment and the names and 
addresses of all 41 comprehensive cancer centers are provided on the internet and will be manually 
extracted and linked to hospitals in the Nationwide Inpatient Sample by the address and name of the 
institution. 
National comprehensive cancer network (NCCN) 
The National Comprehensive Cancer Network is made up of 21 institutions located throughout 
the United States that have been designated as leaders in cancer treatment and care. The names and 
addresses of these 21 institutions are made publically available on the internet and will be manually 
extracted and linked to hospitals in the Nationwide Inpatient Sample.  
Sample selection 
The sample of women included in this study come from a cohort of women identified in the Nationwide 
Inpatient Sample aged 18 years and older treated with mastectomy for the treatment of ductal carcinoma 
in-situ from 2004-2008 that were treated at a hospital in a state that discloses information on hospital  
location. Table 1 shows the diagnosis and procedure codes used to select the sample of women. The 




85.48). The states that allow for the disclosure of this information are: AR, AZ, CA, CO, CT, FL, IA, KY, 
MA, MD, MO, NC, NH, NJ, NV, NY, OR, PA, RI, UT, VA, VT, WA, WI, WV, WY. From 2004-2008, 
approximately 6,000 women, treated at 1,156 hospitals located in 538 different counties underwent 
mastectomy to treat ductal carcinoma in-situ. 
Table 1: Codes used for identifying mastectomy and immediate breast reconstruction  
Hospital financial distress 
The measure of hospital financial distress that will be used will be a three-year average of profit 
margin. As was shown in paper two of this dissertation, a three-year average of profit margin has been 
shown to have adequate construct validity as a measure of hospital distress7. Profit margin is defined as a 
hospital’s net income divided by total revenue. This information is submitted annually to the federal 
government and made is made publically available as part of the Healthcare Cost Reporting Information 
System (HCRIS) maintained by the Center for Medicare and Medicaid Services.  
An assumption of using a three-year average is that when a woman first enters the hospital 
system she is exposed to an environment affected by the financial conditions of the hospital that occurred 
over the 3-year period before she entered the hospital. Therefore, a woman is exposed or unexposed to a 
hospital under high financial pressure before she chooses mastectomy and before she chooses, or has 
the ability to choose, immediate breast reconstruction. 
The hypothesis is that hospitals under financial distress will be less likely to perform immediate 
breast reconstruction compared with hospitals not under financial distress. Therefore, the measures of 
hospital financial distress will be operationalized as categorical variables, with the assumption that with 
                                                     
7
 Profit margin is being used over the Financial Strength Index and the modified z-index as profit margin is the easiest to calculate, 
makes the most intuitive sense, and appears to be the most likely measure for outcomes researchers to use going forward 
ICD-9-CM Diagnosis Codes ICD-9-CM Procedure Codes 
Ductal Carcinoma In Situ (DCIS) Mastectomy 
233.0 85.33-85.36, 85.41-85.48  
 Breast Reconstruction 
 85.33, 85.35, 85.53-85.54, 85.70-85.76, 85.79, 85.84-85.85, 




increasing levels of financial distress there will be a decreasing odds of a woman receiving immediate 
breast reconstruction. The categories of profit margin will be defined based on quartiles8. 
Ductal carcinoma in-situ 
 Ductal carcinoma in-situ makes up approximately 24% of newly diagnosed breast cancer cases65 
and the incidence of ductal carcinoma in-situ has been increasing since the 1970’s.66 The sample in this 
study is limited to women with ductal carcinoma in-situ because the factors that influence the decision 
making process is very different for women with ductal carcinoma in-situ compared with invasive cancer. 
Women with ductal carcinoma in-situ have higher survival rates than those with invasive cancer, thus 
more women with ductal carcinoma in-situ may be focused on life after mastectomy compared with 
women with invasive cancer.67 Also, women with invasive cancer may be under more psychological 
pressure to undergo surgery more quickly and therefore forego further consultations with a plastic 
surgeon. In addition, there is a controversy in the literature about the appropriate timing of reconstruction 
when radiation therapy is given. Radiation post-mastectomy is only recommended for women with stage 
III breast cancer so this does not factor into the decision making process for women with ductal 
carcinoma in-situ.68  Given these differences in the decision making process the sample of women was 
limited to women with ductal carcinoma in-situ.  
Immediate breast reconstruction 
The outcome in this study is the presence or absence of immediate breast reconstruction 
following mastectomy. The term “immediate” refers to women undergoing an additional reconstructive 
procedure during the same operation as the mastectomy. Immediate reconstruction can be performed in 
a one- or two-stage process. One-stage reconstruction is when the entire reconstruction is completed 
during the operation immediately following the mastectomy. A two-stage reconstruction is when an 
expander is placed immediately following the mastectomy, followed by a reconstruction a few weeks later. 
This two stage process is often called an immediate-delayed reconstruction. Immediate-delayed 
reconstruction is advantageous in hospital settings where plastic surgeons are not on site. In these 
situations an expander can be placed at the time of mastectomy and the patient can later have the 
reconstruction at the office of a plastic surgeon.  
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Given the multiple procedures that could occur following a mastectomy, if a woman has an ICD-9 
code indicating the insertion of a tissue expander or implant, or an ICD-9 code indicating a natural 
reconstruction was performed, then the woman will be classified as having had an immediate breast 
reconstruction post-mastectomy. This classification of immediate reconstruction captures both the 
immediate and immediate-delayed.  
Potential confounders 
For this study, the definition of a confounder is any variable whose adjustment mitigates 
confounding. A Directed Acyclic Graph (DAG) will be used to determine the minimally sufficient set of 
variables that need to be adjusted to eliminate confounding (shown in Figure 1 below). The literature was 
explored to determine the potential causes of hospital financial distress and the potential causes of breast 
reconstruction. If after this process there were variables for which evidence supported that it was a cause 
of both hospital financial distress and breast reconstruction it was added to the DAG. If there was only 
evidence that supported a variable causing hospital financial distress or breast reconstruction but it 
seemed plausible based on common knowledge that there could be a relationship in the other direction 
these variables were also added to the DAG. The reason for this was to caution on the side of including 
too many confounders instead of too few for determining the minimally sufficient set of variables needed 
to remove confounding.   
Individual-level confounders 
The individual-level factors that have consistently been shown to predict breast reconstruction are 
age, race, stage of cancer at diagnosis and insurance status.60,69-71  Obesity, smoking, hypertension and 
diabetes have been shown to be associated with complications from breast reconstruction following 
mastectomy72,73, though the findings on diabetes have been inconsistent74, and may impact a woman’s 
decision to undergo immediate breast reconstruction. Educational attainment, an individual-level measure 
of socioeconomic status (SES), was not a significant predictor of breast reconstruction.60 However, the 
study was under powered, and since educational attainment predicts many health outcomes it will still be 
included in the DAG as it is likely a predictor of breast reconstruction.  
Individual-level factors that are also likely to influence the type of hospital where a woman seeks 




education. Women with advanced cancer may be referred to a cancer center for treatment or may seek 
out a hospital which she believes will provide the best care. Highly educated women or women with the 
economic means to choose which hospital they receive their treatment for breast cancer are likely to 
choose a cancer center, an academic medical center/teaching hospital or a private versus public hospital. 
Women of low SES and racial minorities based on where they live and/or their economic situation may be 
limited in their choice of hospitals and may only have the option of going to the closest hospital. If a 
woman is poor or a racial minority it is likely they live in a low SES county and therefore seek treatment at 
a hospital also located in a low SES county. 
When a woman is diagnosed with breast cancer her two surgical options are breast conserving 
surgery and mastectomy. If the tumor is small and the stage is not advanced than either breast 
conserving surgery or mastectomy can be performed. In this situation breast conserving surgery is 
considered to be the standard of care as it is considered to leave the woman with a better cosmetic result 
than mastectomy. In the situation where the tumor is large and/or the cancer is advanced than 
mastectomy is the only option. If a woman has the choice of having breast conserving surgery or 
mastectomy and she is concerned about the aesthetics of her breasts it is assumed she will choose 
breast conserving surgery over mastectomy. However, with the advancement of skin-sparing and nipple-
sparing mastectomy, breast conserving surgery may not always lead to a better cosmetic result over 
mastectomy. In the Nationwide Inpatient Sample data the full population of women undergoing breast 
conserving surgery or mastectomy is not available. Only inpatient stays are captured in the Nationwide 
Inpatient Sample and breast conserving surgery is predominantly done as an outpatient procedure. 
Therefore, in the Nationwide Inpatient Sample the population of women is already limited to women who 
undergo mastectomy for the treatment of breast cancer. Based on the DAG shown in Figure 1, the 
exclusion of women who undergo breast conserving surgery should not induce selection bias and 
therefore is not an issue. 
Hospital-level confounders 
Previous research on the impact that hospital-level factors may have on immediate breast 
reconstruction has been limited, though a few important hospital characteristics have been identified. 




immediate breast reconstruction than women at other hospitals.70,75,76 While there is no existing data on 
whether designated cancer center status is associated with hospital financial distress it is assumed that 
most, if not all, designated cancer centers are not under financial distress. Teaching hospital status was 
also included as a potential confounder as women treated at teaching hospitals are more likely to receive 
immediate breast reconstruction compared with women treated at other hospitals70,76  and teaching 
hospitals incur more cost than non-teaching hospitals.77,78 
Area-level confounders 
Previous research found that the income of the county in which a woman lives significantly 
predicts receipt of immediate breast reconstruction while living in a county with a below average  
educational attainment does not.69 Another study which defined home neighborhood by zip code found 
that the median household income, population density, the proportion of residents with some college 
education, the median home value and the proportion of residents that were black were all found to be 
significant predictors of immediate breast reconstruction, after adjustment for individual factors.79  
There are also area-level measures that affect the financial conditions of the hospital. Hospitals 
located in counties with a high unemployment rate are likely to have a high percentage of patients without 
insurance or on Medicaid. In addition, hospitals located in counties with a high proportion of residents 
over the age of 65 are likely to have a high percentage of their patient population on Medicare. 
Directed Acyclic Graphs (DAGs) 
Using the list of potential variables as identified in the literature, and described above, DAGitty 
(software version 1.1) was used to draw the DAG.80 DAGitty is a free on-line tool that allows you to 
develop your DAG and identify all minimally sufficient sets of variables. A minimally sufficient set of 
variables is the minimum number of variables that need to be adjusted to reduce bias caused by non-
exchangeability.81 Non-exchangeability between exposed and unexposed can arise due to confounding or 
selection bias.82 One benefit of constructing a DAG is that even if you have unmeasured confounders you 
may realize that even without adjustment for that variable you may still have enough measured variables 
that can be adjusted for remove the confounding introduced by the unmeasured variable. Of the 
previously mentioned potential individual-level confounders smoking status and education are 
unmeasured in Nationwide Inpatient Sample. In addition, only morbid obesity is reliably captured, using 
  
ICD-9 codes, in the Nationwide Inpatient Sample. However, based on the DAG (Figure 1) the adjustment 
for any of these three variables is not necessary.
Figure 1. Directed Acyclic Graph of financial distress and immediate breast reconstruction
Minimally sufficient set 
There are two minimally sufficient sets of variables that could be adjusted for get an unbiased 
effect of hospital financial distress on immediate breast reconstruction. The set that will be adjusted for 
includes the following variables: academic medical center/teaching 
hospital (Yes/No), hospital in county with high uninsured population (
race (white, black, Asian, Hispanic, other), age 
hospital ownership status (public/private). Both sufficient sets are presented in Table 2.
Table 2. Minimally sufficient sets for confounder control
Set 1: 
Academic medical center/teaching hospital
Cancer Specialty Hospital 
Hospital in county with high uninsured population
Hospital in county with high % of old people
Non-white 
Public versus Private Hospital 
Statistical models 
In order to account for the non




hospital (Yes/No), cancer specialty 
≥ 75th percentile/< 75




 Academic medical center/teaching hospital
Cancer Specialty Hospital 
 Hospital in county with high uninsured population
 Old Age 
Non-white 
Public versus Private Hospital 
-independence of patients within hospitals and the non











crude model including indicator variables for quartiles of profit margin, as a measure of hospital financial 
distress, was fitted. Then all of the variables as part of minimally sufficient set number one (shown in 
Table 2) were added to each crude model in order for the fully adjusted models to be compared to the 
crude models. Odds ratios were estimated, despite the high prevalence of the outcome (i.e. >10%) due to 
convergence problems when trying to estimate risk ratios. The PROC GLIMMIX procedure in SAS V9.3 
was used to fit the three-level models.  
Results 
Table 3 summarizes the sample characteristics. Overall, 41.4% of the women diagnosed with 
ductal carcinoma in-situ underwent immediate breast reconstruction. However, the proportion of women 
receiving immediate breast reconstruction varied depending on the financial distress of the hospital, as 
well as age and race and whether the hospital was a teaching hospital or a designated cancer center. 
35.8% of women treated at a hospital under high financial distress received immediate breast 
reconstruction while 43.5% of women treated at a hospital with minimal to no financial distress received 
immediate breast reconstruction. White women (44.2%) were the most more likely to receive immediate 
breast reconstruction, while black women (28.5%) were the least likely. There were also very strong age-
related differences observed. Among young women aged 18 to 39, 67% received immediate breast 
reconstruction while only 8.7% of women 75 years and older received immediate breast reconstruction. 
Table 4 shows the results of the three-level mixed models evaluating the relationship between 
hospital financial distress and immediate breast reconstruction. The results from the crude model show 
that women treated at hospitals under high levels of financial distress are less likely (OR=0.66) to receive 
immediate breast reconstruction compared to women treated at hospitals with minimal to no financial 
distress. The results from the crude model also show a trend in the relationship between hospital financial 
distress and immediate breast reconstruction. As hospital financial distress increases the odds of 
receiving immediate breast reconstruction decrease. Table 4 also shows the results from the fully-
adjusted model. Even after adjusting for all potential confounders the general trend for the relationship 
between hospital financial distress and immediate breast reconstruction is very similar to the crude 




still less likely (OR=0.74) to receive immediate breast reconstruction compared to women treated at 
hospitals with minimal to no financial distress, though the magnitude of effect has slightly diminished. 
Table 3. Descriptive statistics of the sample (N=5,760) 
 
 Receipt of Immediate Breast Reconstruction 
 
Overall Yes No 
 
 
N (%) N (%) N (%) p-value 
 





High 1440 (25.0%) 515 (35.8%) 925 (64.2%) 
 
Medium 1439 (25.0%) 565 (39.3%) 874 (60.7%) 
 
Low 1449 (25.2%) 682 (47.1%) 767 (52.9%) 
 






black 460 (8.5%) 131 (28.5%) 329 (71.5%) 
 
Hispanic 353 (6.5%) 119 (33.7%) 234 (66.3%) 
 
Asian 232 (4.3%) 95 (41.0%) 137 (66.7%) 
 
other 149 (4.6%) 63 (42.3%) 86 (57.7%) 
 






≥75 1196 (20.8%) 104 (8.7%) 1092 (91.3%) 
 
65 to <75 1162 (20.2%) 364 (31.3%) 798 (68.7%) 
 
50 to <65 1496 (26.0%) 756 (50.5%) 740 (49.5%) 
 
40 to <50 1552 (26.9%) 923 (59.5%) 629 (40.5%) 
 






Yes 3382 (58.7%) 1518 (44.9%) 1864 (55.1%) 
 






Yes 871 (15.1%) 486 (55.8%) 385 (44.2%) 
 






Private 5194 (89.2%) 2198 (42.3%) 2996 (57.7%) 
 
Public 566 (10.8%) 187 (33.0%) 379 (67.0%) 
 




≥ 75th percentile 1433 (24.9%) 574 (40.1%) 859 (59.9%) 
 
< 75th percentile 4327 (75.1%) 1811 (41.9%) 2516 (58.2%) 
 






Table 4. Effects of hospital financial distress on receipt of immediate breast reconstruction 
    
Crude Model  Adjusted* Model  
  N (%) OR 95% CI 
P for 
trend OR 95% CI 
P for 
trend 
Financial Distress 0.001 0.074 
High 1440 (25.0%) 0.66 (0.51-0.85)  0.77 (0.59-0.99)  
Medium 1439 (25.0%) 0.81 (0.64-1.03)  0.85 (0.66-1.09)  
Low 1449 (25.2%) 0.86 (0.68-1.09)  0.83 (0.65-1.07)  
Minimal to none 1432 (24.9%) 1.00 -  1.00 -  
*adjusted for age, race, teaching hospital status, hospital ownership type, cancer center designation and hospital located in a 
high uninsured county 
Discussion 
The results of this study show that overall, there is an effect of hospital financial distress on the 
receipt of immediate breast reconstruction and that these findings remain after adjusting for all potential 
confounders. This is the first study to assess the relationship between hospital financial distress and the 
receipt of immediate breast reconstruction. However, these findings are consistent with the three previous 
studies (discussed in paper 1) that assessed the relationship between profit margin and patient 
outcomes. All three previous studies found an effect of profit margin on patient outcomes. 
These findings have important implications, as 25% of women in this study were treated at 
hospitals under high levels of financial distress. The results suggest that patients treated at hospitals 
under financial distress are less likely to receive immediate breast reconstruction compared to patients 
treated at hospitals not under financial distress. Hospital finances predicting immediate breast 
reconstruction is an unwarranted determinant of care. Therefore, the exact mechanisms that are leading 
to this relationship need to be further explored so that policy recommendations can be made to remove 
this inequity of care. 
However, these findings have implications beyond women receiving immediate breast 
reconstruction. These findings, along with the three previous studies that have assessed the impact of 
profit margins48-50, as a measure of hospital financial distress, on patient outcomes have supported a 
relationship between financial distress and poor patient outcomes. Assessing the full impact that hospital 
financial distress has on patient outcomes has been so poorly studied that the extent of the impact of 




linked to financial distress: breast reconstruction, patient safety events, guideline adherence for acute 
myocardial infraction, pneumonia and congestive heart failure, readmission rates and in-hospital 
mortality. The current study adds additional evidence that there is a link between hospital financial 
conditions and patient outcomes. What this study adds that was previously unknown is that this study 
supports a link between hospital financial conditions and breast reconstruction, an elective, non-life 
threatening and unprofitable procedure. Previous research focused on patient outcomes that influenced 
on potentially life-saving procedures and not just quality of life enhancing procedures. A next important 
step in this area of inquiry is to continue to evaluate a wide range of inpatient and outpatient procedures 
in order to fully evaluate the procedures that are impacted by hospital financial distress. If hospital 
financial distress impacts a wide range of patient outcomes then a lot of patients are at risk. Depending 
on how one classifies hospital financial distress, anywhere from 7-30% of hospitals in a given year are 
under high levels of financial distress. Therefore, the potential magnitude of this problem is substantial. 
A limitation of this study is that there is no measure of a woman’s preference for breast 
reconstruction. As a proxy for preference, age, race and hospital factors were included in the model. 
Older women are less likely to opt for breast reconstruction if given the choice83, and while some argue 
that there may be racial/ethnic differences in preferences as well84, more evidence suggest racial 
differences are due to differences in treatment85. Therefore, race is included in the model as it likely 
influences the type of hospital where a woman seeks treatment and as a result is influencing her 
preference, or really her ability, to choose breast reconstruction. Hospital factors, such as a cancer center 
designation, are meant to capture women that sought out specific types of hospitals because of a strong 
preference for breast reconstruction. While all of these factors may be good proxies for a women’s 
preference it is likely that they do not perfectly correlate with a woman’s preference. However, this bias is 
likely to be non-differential and therefore will lead to an underestimate. 
In the end, what this study shows is that hospital financial distress is an unwarranted determinant 
of immediate breast reconstruction adding to the small body of literature that has assessed the impact of 
hospital financial distress on patient outcomes. If current trends continue then 25-30% of hospitals will be 




levels of financial distress. Fully understanding the implications of the problem is essential, as well as 
evaluating the specific mechanisms by which financial distress leads to worse outcomes. Hospitals facing 
financial distress may be inevitable, and if that is true, then in an era of patient-informed decision making, 





CHAPTER 5: CONCLUSIONS 
Aims 
 The three aims of this dissertation were to 1) systematically review the existing literature on 
hospital financial distress and quality outcomes and/or patient outcomes, 2) validate three measures of 
hospital financial distress and 3) evaluate the impact of hospital financial distress on immediate breast 
reconstruction. 
Summary of results 
In the second chapter of this dissertation, three studies were identified from a systematic review 
of the literature that linked hospital financial distress to patient outcomes. The limited identification of 
literature on this topic highlights an important gap in the current literature and the need for more research 
on the topic. The three papers identified generally supported a relationship between patient safety events, 
adherence to guideline based care, readmission rates and in-hospital mortality. However, what was 
unknown from the systematic literature review was whether or not profit margin was the appropriate 
measure to use over composite measures such as Altman’s modified z-index or Cleverely’s Financial 
Strength Index. 
Chapter 3 of this dissertation assessed the validity of profit margin for predicting hospital closure, 
and compared the results to using the modified z-index and the financial strength index as measures of 
financial distress. The results from this analysis showed that profit margin performed as well as the 
modified z-index and the Financial Strength Index for predicting hospital closure. Given the more intuitive 
nature of profit margin and its accessibility to all levels of health outcomes researchers, profit margin 
appears to be the best measure of hospital financial distress compared to the modified z-index and the 
Financial Strength Index. 
Chapter 4 evaluated the relationship between financial distress, using profit margin as the 
measure, and the receipt of immediate breast reconstruction. The results from this analysis supported a 
relationship. Women treated at hospitals under high levels of financial distress were less likely to receive 




distress. However, the magnitude of the effect is small. Women treated at hospitals under financial 
distress are 1.5 times less likely to receive immediate breast reconstruction than women treated at 
hospitals not under financial distress. The evidence also suggests that there may be an impact on receipt 
of immediate breast reconstruction for women treated at hospitals with any amount of financial distress, 
though the magnitude of effect decreases with decreasing financial distress.  
Overall, the results from this dissertation show the need for increased research on the topic of 
hospital financial distress and patient outcomes, the utility of using profit margin as a measure of financial 
distress and the importance of hospital financial distress on receipt of immediate breast reconstruction. 
However, there are important limitations. First, while profit margin performs as well the modified z-index 
and the Financial Strength Index in predicting hospital closure, it still has a very poor negative predictive 
value. This is the result of hospital closure being a rare event. Accurately predicting a rare event is 
difficult. This non-differential misclassification likely resulted in an underestimate of the association 
between financial distress and immediate breast reconstruction. This type of misclassification will also 
lead to an underestimate in future studies that use profit margin as a measure of hospital financial 
distress. 
Another limitation of this work is that there may have been inadequate confounder control in the 
analysis of financial distress and immediate breast reconstruction. The assumption of the analysis is that 
the DAG (Figure 1 in chapter 4) is correctly specified. If there were a direct link between educational 
status and hospital financial pressure then the current minimally sufficient set would not be adequate to 
remove all confounding. If this were the case, since the overall main effect is below 1.0 and the 
relationship between educational status and hospital financial pressure is likely to be negative, while the 
relationship between educational status and receipt of immediate breast reconstruction is likely to be 
positive, this would lead to an overestimation of the effect of hospital financial pressure and immediate 
breast reconstruction. However, it seems unlikely that a direct relationship between educational status 
and hospital financial pressure exists. The financial status of a hospital is never known to a patient when 
she is selecting a hospital. Instead, factors such as the type of hospital (public vs. private) or the hospital 




seek treatment for breast cancer. These factors were included in the DAG and therefore selection factors 
related to a woman choosing the type of hospital where she seeks treatment should be properly adjusted 
for in the analysis.  
Lastly, while the results from this dissertation highlight an important gap in the existing literature 
and provide further evidence that hospital financial distress may play an important role in a wide range of 
patient outcomes, breast reconstruction is a unique outcome and it is unknown if the findings found here 
with respect to breast reconstruction can be generalized to other patient outcomes.  
Implications 
 Despite the above mentioned limitations, the findings from this dissertation have several 
important implications. First, women treated at hospitals under high levels of financial distress are less 
likely to receive immediate breast reconstruction. Financial factors determining treatment is an 
unwarranted determinant of care and a determinant outside of a woman’s control. Therefore, to address 
the impact of hospital financial pressure on receipt of immediate breast reconstruction legislative action 
may be required. Precedence has already been established for the enactment of health policies related to 
breast reconstruction. In 1998, the Women’s Health and Cancer Rights Act (WHCRA) was passed in 
order to ensure personal finances did not impede women from receiving breast reconstruction86 and in 
2010, a New York state law was passed mandating breast surgeons discuss reconstructive options with 
their patients.87 Both of these laws were aimed at reducing unwarranted determinants of breast 
reconstruction and an enhancement of these existing policies to ensure hospital finances are eliminated 
as a determinant of care would be one potential approach to eliminate this inequity of breast cancer care. 
 Moving beyond breast reconstruction, the results of this dissertation have important implications 
for a wide range of patient outcomes. The systematic review highlighted the limited literature supporting a 
relationship between hospital financial distress and patient safety, guideline based adherence to 
treatment protocols, readmission rates and in-hospital mortality. The original analyses discussed in 
chapter 4 provide further evidence of a relationship between hospital financial distress and patient 
outcomes. If there is a relationship between hospital financial distress and patient outcomes, which the 




of financial distress are at risk. Due to the large potential public health impact, further research is needed 
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APPENDIX A: COMPARING CALCULATED FINANCIAL RATIO MEDIANS TO PUBLISHED VALUES 
Table 1. Comparison of median values of financial ratio measures from three different data sources 






   Total Margin 
     
2.99  
     
2.44  
     
2.38  
     
2.28  
     
2.23  
     
2.78  
     
3.35  
     
3.78  
           
2.61  
           
2.28  
           
2.78  
   Current Ratio 
     
2.05  
     
2.02  
     
2.05  
     
2.00  
     
1.99  
     
1.98  
     
1.98  
     
1.96  
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1.99  
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APPENDIX B. MEASURING HOSPITAL FINANCIAL DISTRESS IN RELATION TO HOSPITAL 
CLOSURE 
Table 1: Measuring hospital financial distress with a 1-year lag  
Hospital financial distress 
Measured (t-1) 





Table 2: Measuring hospital financial distress using a 3-year average 
Hospital financial distress 
Measured (t+(t-1)+(t-2))/3 





Table 3: Measuring hospital financial distress using a 3-year average with a 1-year lag  
Hospital financial distress 
Measured ((t-1)+(t-2)+(t-3))/3 


















APPENDIX C: CATEGORIZING PROFIT MARGIN 
Table 1 below shows three ways that profit margin was categorized. The first is a binary 
categorization based on the cut-point identified in chapter 3 of the dissertation. The first four-level 
categorization uses the same cut-point for the lowest category as the binary classification and then uses 
quartile cut-points for the rest of the categories. The third categorization of profit is based on quartiles. 
The third categorization was the categorization used for the analysis in this paper. The reason this 
categorization was chosen was because there was ample sample size in each category. Using the 
threshold identified in chapter 3 resulted in a cell count of 1 for the lowest category. 








  Yes No Private Public Yes No 
Binary categorization of profit margin  
High financial distress 221 167 48 340 1 387 
Medium/low/minimal/none 3161 2211 341 5031 870 4502 
Categorization of profit margin #1* 
High financial distress 221 167 48 340 1 387 
Medium financial distress 1529 962 93 2398 202 2289 
Low financial distress 897 552 89 1360 441 1008 
Minimal to no financial distress 735 697 159 1273 227 1205 
Categorization of profit margin #2** 
High financial distress 849 591 97 1343 58 1382 
Medium financial distress 901 538 44 1395 145 1294 
Low financial distress 897 552 89 1360 441 1008 
Minimal to no financial distress 735 697 159 1273 227 1205 
*Lowest category is based on the threshold determined in paper 2. The rest of the categories based on quartiles. 






APPENDIX D: ASSESSMENT OF CONFOUNDING IN DATA 
Shown in Table 1 is the relationship between the exposure, hospital financial distress, and the 
confounders. 
Table 1. Relationship between hospital financial distress and the confounders 
   
High Medium Low Minimal to None 
 
  




black 131 (28.5%) 122 (25.5%) 88 (19.1%) 119 (25.9%)  
Hispanic 116 (32.9%) 89 (25.2%) 77 (21.8%) 71 (20.1%)  
Asian 62 (26.7%) 58 (25.0%) 57 (24.6%) 55 (23.7%)  
other 4 (22.2%) 10 (55.6%) 2 (11.1%) 2 (11.1%)  





≥75 64 (18.1%) 93 (26.3%) 94 (26.6%) 103 (29.1%)  
65 to <75 370 (23.8%) 393 (25.3%) 404 (26.0%) 385 (24.8%)  
50 to <65 353 (23.6%) 355 (23.7%) 412 (27.5%) 376 (25.1%)  
40 to <50 302 (26.0%) 275 (23.7%) 283 (24.4%) 302 (26.0%)  





Yes 849 (25.1%) 901 (26.6%) 897 (26.5%) 735 (21.7%)  





Yes 58 (6.67%) 145 (16.7%) 441 (50.6%) 227 (26.1%)  





Private  1296 (25.0%) 1256 (24.2%) 1322 (25.5%) 1320 (25.4%)  
Public  144 (25.4%) 183 (32.3%) 127 (22.4%) 112 (19.8%)  




≥ 75th percentile 346 (24.2%) 355 (24.8%) 397 (27.7%) 335 (23.4%)  
< 75th percentile 1094 (25.3%) 1084 (25.1%) 1052 (24.3%) 1097 (25.4%)  







Table 2 in Appendix D shows that all of the variables included in the minimal sufficient set, 
identified in the DAG (shown in chapter 4: figure 1), appreciably change the crude estimate. All of the 
variables were added, alone, to a model with the measure of hospital financial distress and the amount 
that the crude was changed was evaluated. All of the variables changed the crude estimate for at least 
one of the categories by 10%.   





























High -4 11 -12 -12 8 -8 
Medium 31 35 18 22 31 27 
Low 0 0 -7 0 -15 7 





APPENDIX E: FULL MODEL RESULTS SHOWN 
The magnitude of the effect estimates for the confounders was not relevant to the overall 
hypothesis test of this paper. Therefore, they were not included in the main results table of the paper but 
are presented below in Table 1. 
Table 1. Full model results  
Crude Model Adjusted Model 
OR 95% CI OR 95% CI 
Financial Distress 
High 0.66 (0.51-0.85) 0.74 (0.57-0.98) 
Medium 0.81 (0.64-1.03) 0.82 (0.64-1.06) 
Low 0.86 (0.68-1.09) 0.82 (0.64-1.06) 
Minimal to none 1.00 - 1.00 - 
Race/ethnicity 
black 0.43 (0.33-0.55) 
Hispanic 0.52 (0.39-0.69) 
Asian 0.56 (0.40-0.77) 
other 0.57 (0.45-0.74) 
white 1.00 - 
Age 
≥75 0.04 (0.03-0.06) 
65 to <75 0.19 (0.15-0.26) 
50 to <65 0.45 (0.35-0.59) 
40 to <50 0.68 (0.52-0.89) 
18 to <40 1.00 - 
Teaching Hospital 
Yes 1.18 (0.94-1.47) 
No 1.00 - 
Cancer Hospital 
Yes 1.78 (1.14-2.78) 
No 1.00 - 
Ownership type 
Private  1.56 (1.12-2.19) 
Public  1.00 - 
High uninsured county 
≥ 75th percentile 0.89 (0.66-1.21) 






APPENDIX F: RESULTS FOR ALL CATEGORIZATIONS OF PROFIT MARGIN 
While only one categorization of profit margin was presented in the main analysis of the paper, 
other categorizations were also evaluated and the results are presented in Table 1 below.  
Table 1. Analysis results from multiple categorizations of profit margin 
    
Crude Model Adjusted* Model 
  N (%) OR 95% CI OR 95% CI 
Binary categorization of profit margin  
High financial distress 388 (6.7%) 0.84 (0.62-1.13) 0.92 (0.67-1.27) 
Medium/low/minimal/none 5372 (93.3%) 1.00 - 1.00 - 
Categorization of profit margin #1 
High financial distress 388 (6.7%) 0.68 (0.48-0.96) 0.77 (0.53-1.12) 
Medium financial distress 2491 (43.3%) 0.75 (0.60-0.94) 0.79 (0.62-1.00) 
Low financial distress 1449 (25.2%) 0.85 (0.67-1.07) 0.82 (0.63-1.05) 
Minimal to no financial distress 1432 (24.9%) 1.00 - 1.00 - 
Categorization of profit margin #2 
High financial distress 1440 (25.0%) 0.66 (0.51-0.85) 0.74 (0.57-0.98) 
Medium financial distress 1439 (25.0%) 0.81 (0.64-1.03) 0.82 (0.64-1.06) 
Low financial distress 1449 (25.2%) 0.86 (0.68-1.09) 0.82 (0.64-1.06) 
Minimal to no financial distress 1432 (24.9%) 1.00 - 1.00 - 
*adjusted for age, race, teaching hospital status, hospital ownership type, cancer center designation and hospital 















APPENDIX G: RESULTS ADJUSTING FOR INSURANCE STATUS 
An assumption of the DAG presented in chapter 4 is that personal insurance status does not 
need to be adjusted for in the model, even though it is a very strong predictor of receipt of immediate 
breast reconstruction and is related to the type of hospital where a woman seeks treatment. Table 1 
below shows the results after insurance status is added to the model, in addition to the minimal set of 
confounders. The results show that adding insurance status to the model does not appreciably change 
the main effect of hospital financial distress on immediate breast reconstruction.  
Table 1. Model results adjusting for insurance status 
Crude Model Adjusted Model 1* Adjusted Model 2** 
OR 95% CI OR 95% CI OR 95% CI 
Financial Distress   
High 0.66 (0.51-0.85) 0.74 (0.57-0.98) 0.75 (0.59-0.97) 
Medium 0.81 (0.64-1.03) 0.82 (0.64-1.06) 0.84  (0.67-1.08) 
Low 0.86 (0.68-1.09) 0.82 (0.64-1.06) 0.90 (0.71-1.15) 
Minimal to none 1.00 - 1.00 -   
*adjusted for age, race, teaching hospital status, hospital ownership type, cancer center designation and hospital located in a high 
uninsured county 













APPENDIX H: BETWEEN HOSPITAL VARIATION 
As part of preliminary analyses for the dissertation the amount of variation due to between hospital 
differences and the amount of variation due to between county differences was calculated. Overall, 23% 
of the variation in breast reconstructive rates is due to between hospital differences and 17% is due to 
between county differences. After adjusting for important patient-level characteristics, such as age, race 
and insurance type, there is still significant between hospital and between county variation. In fact, even 
after adjusting for teaching hospital status, urban/rural location, various characteristics of the patient mix, 
socio-demographic characteristics of the external hospital environment, as well as the percentage of 
residents in the county that are over the age of 65 and that are uninsured, there is still significant between 
hospital variation in immediate breast reconstructive rates following mastectomy. This remaining between 
hospital variation was the impetus for looking more closely at hospital finances since important between 
hospital differences remained, even after adjusting for important hospital characteristics. 
 
 
 
 
